In this study, we have analyzed the cellular function of PI3Ks for the morphology and movement of mesendodermal (prechordal plate) cells at the onset of zebrafish gastrulation. We show that PI3K function is required for cell polarization and the subsequent formation of 1B and data not shown), indicating that class IA cellular processes in prechordal plate progenitors at the onset of gastrulation, we used two different approaches PI3Ks have a function during zebrafish gastrulation. In addition, the p85␣ and p110␣ subunits are also ubiquito interfere with PI3K function. We treated embryos with the PI3K inhibitor LY, and we injected mRNA coding for a tously expressed (data not shown), suggesting that both regulatory and catalytic PI3Ks subunits are present durdominant-negative, kinase-dead version of the catalytic p110␤ subunit of PI3K (dnPI3K), a p110 subunit that has ing gastrulation.
To further investigate if PI3Ks are needed for cell previously been shown to be specifically required for cell polarization and migration in macrophages [24] . movement and morphology during gastrulation, we exposed embryos to 30 M of the PI3K inhibitor LY294002
By exposing embryos to 30 M LY at 50% epiboly, a concentration that strongly reduces the production of (LY; [23] ) from the onset of gastrulation (50% epiboly) to mid-gastrulation stages (80% epiboly) and analyzed Phosphoinositide 3,4,5-triphosphate (PIP3) in those embryos ( Figure S1 in the Supplemental Data available with the phenotype at the end of gastrulation. This concentration of LY has previously been shown to specifically and this article online), we found that ingressing prechordal Figure 2K ). In contrast, the orientabryos showed hardly any morphologically recognizable polarization (Figure 2b) , the direction of cell migration tion and character of the few remaining cellular processes were largely unchanged as compared to control toward the animal pole was largely unchanged ( Figure  2J ). However, inhibitor-treated prechordal plate progencells ( Figure 2G ; Table 1 ). This phenotype is similar, although slightly weaker, than the one observed after itors moved slower than their untreated controls (1.14 Ϯ contrast to LY-treated embryos, often exhibited differ- In general, cellular protrusions were counted as such if the angels between the protrusions and the cell body were Ͻ135Њ. AG, PDGF receptor inhibitor AG1295; LY, PI3K inhibitor LY294002. a Filopods were defined as cellular protrusions that have a higher length than average width and an average diameter that is less than 2 m. b Pseudopods were defined as cellular protrusions that have a higher length than average width and an average diameter that is greater than 2 m. c Lamellipods were defined as cellular extensions that have a higher average width than length and a total length that is greater than 2 m. we also overexpressed a membrane-anchored form of GFP (Gap43-GFP) in these cells. In contrast to PH-GFP, p Ͼ 0.05; Figure 2L) .
As a further test for the specificity of the prechordal Gap43-GFP showed no preferential localization to the leading edge of prechordal plate progenitors, indicating plate progenitor cell phenotype obtained by the overexpression of dnPI3K, we also tried to rescue the dnPI3K that this localization is specific to PH-GFP (data not shown). phenotype by coexpressing the membrane-anchored p110 catalytic subunit of PI3K (p110CAAX). CoexpresWhen embryos were treated with 30 M LY at the onset of gastrulation or injected with dnPI3K mRNA at sion of dnPI3K with p110CAAX led to a rescue of both the number of cellular processes formed and the elongathe 1-cell stage, the membrane localization and asymmetric distribution of PH-GFP were greatly diminished tion of prechordal plate progenitors as compared to dnPI3K expression alone ( Figures 2M and 2N) ; this find-( Figures 4A-4C ), indicating that PI3Ks are required for the localization of PKB to the membrane of prechordal ing suggests that PI3Ks are specific regulators of cellular process formation in these cells.
plate progenitors. We also tested if overexpression of p110CAAX can affect the membrane localization of PHAltogether, these results indicate that inhibition of PI3K activity leads to prechordal plate progenitors being GFP. Overexpression of 125 pg p110CAAX mRNA led to an increased accumulation of PH-GFP at the membrane less polarized and showing a lower number of cellular expressed throughout zebrafish gastrulation [28] . We
The similarity between the phenotypes observed in mesendodermal progenitors after inhibiting PDGF and therefore tested if PDGF might function upstream of PI3Ks to induce the formation of cellular processes in PI3K activities suggests that PDGF and PI3K function in the same signaling pathway. As a more direct proof zebrafish prechordal plate progenitors at early gastrula stages.
that PDGF functions upstream of PI3K, we determined if the activity of PI3Ks to catalyze the production of To be able to selectively interfere with a possible function of PDGF in prechordal plate progenitor cell morpho-PIP3 and to localize PKB to the plasma membrane of prechordal plate progenitors is blocked in the presence genesis at the onset of gastrulation, we made use of the highly specific PDGF receptor inhibitor AG1295 (AG) of the PDGF receptor inhibitor AG. In embryos treated with 10 M AG at the onset of gastrulation, the total Figure 5C ). usually started to cluster together and extended short Figures 6C and 6D) ; this finding indicates that PI3Ks act downstream of which PI3K activity is blocked lack most of their cellular processes and do not accumulate Actin and PKB at their PDGF. Similarly, the localization of PH-GFP to the membrane at sites of cellular process formation was effecleading edge, indicative of a loss of cell polarization. This loss of cell polarization is accompanied by slower but tively promoted in the presence of PDGF and was strongly reduced by either adding PI3K inhibitor to the still highly directed cell movements, indicating that PI3K-mediated cellular process formation and cell polarculture medium or overexpressing dnPI3K in these cells (Figures 6E-6H 
